The heat capacity of the binary liquid mixture triethylamine-water has been measured near its lower critical consolute point using a scanning, adiabatic calorimeter. Two data runs are analyzed to provide heat capacity and enthalpy data that are fitted by equations with background terms and a critical term that includes correction to scaling. The critical exponent a was determined to be 0.107 +__0.006, consistent with theoretical predictions. When a was fixed at 0.11 to determine various amplitudes consistently, our values of A ÷ and A-agreed with a previous heat capacity measurement, but the value of A ÷ was inconsistent with values determined by density or refractive index measurements. While our value for the amplitude ratio A+/A -=0.56---0.02 was consistent with other recent experimental determinations in binary liquid mixtures, it was slightly larger than either theoretical predictions or recent experimental values in liquid-vapor systems. The correction to scaling amplitude ratio D+/D-=0.5_+0.1 was half of that predicted. As a result of several more precise theoretical calculations and experimental determinations, the two-scale-factor universality ratio X, which we found to be 0.019_+0.003, now is consistent among experiments and theories. A new "universal" amplitude ratio R_c r involving the amplitudes for the specific heat was tested. Our determination ofR_, = -0.5 ___0.1 and RB-" = -1.1 __.0.1 is smallerin magnitude thanpredicted and is the first such determination in a binary fluid mixture. e)Author to whom correspondence should be addressed.
INTRODUCTION
Critical point phenomena have been studied over a long period of time with substantial recent effort toward modeling complex systems both near a critical point and over an extended region in thermodynamic space. Large density or concentration fluctuations near a system's critical point effectively mask the identity of the system and produce universal phenomena which have been well studied in simple liquidvapor and liquid-liquid systems. 1-3 Such systems have provided useful model systems to test theoretical predictions which can then be extended to more complicated systems.
Along various thermodynamic paths, several quantities exhibit a simple power-law dependence close to the critical point. The critical exponents describing these relationships are universal and should depend only on a universality class determined by the order-parameter and spatial dimensionality of the system. Binary fluid mixtures, liquid-vapor systems, and uniaxial ferromagnetic materials are thought _-3 to belong to the three dimensional, Ising model which, in a renormalization group (RG) context, predicts 4 values.for the ate there. While a vapor-liquid system measured along the critical isochore would have a weak divergence in the heat capacity at constant volume, a binary fluid mixture near its critical consolute point will have the same type of divergence in its heat capacity at constant pressure when measured along .3 a path of constant, critical composition x =x c , 
where Cox is the temperature dependent heat capacity at constant pressure and at the critical composition, Bbg is the background heat capacity far from the critical temperature T_ in the one-phase region, t=(T-To)IT c is the reduced temperature, A +/-is the amplitude of the leading divergence, D +/-is the amplitude of the first correction to scaling term, and A 1 is the universal exponent for the correction term, The one and two phase amplitudes are denoted by the + andsuperscript respectively; the background terms and the critical exponents are predicted 6 to be the same above and below the critical point. A linear background term Et arises from the regular part of the free energy and hence should be the same above and below the critical point. The critical exponents a and A t are predicted 9 to be 0.110__+0.003 and 0.51 ±0.03, respectively. Table I ). One can also determine the amplitude A ÷ from precise density measurements, along with the slope of the critical temperature dependence on pressure. Such determinations 5'21'22have given A + between 0.119 and 0.35 J/(cm 3 K) as shown in Table I . Another possibility is to measure the refractive index and then calculate the density; however, the refractive index itself may have an intrinsic anomaly which is an issue not yet resolved.
23'24 Values of A + determined by refractive index tend to be small, while values determined by density tend to be large, as is evident in Table  I . One of the motivations of this experiment was to resolve this controversy by direct measurement.
EXPERIMENT
The heat capacity of a critical mixture of triethylamine and water was measured using a scanning adiabatic calorimeter similar to that used by Thoen et aL _SA7for studies in this same system and in triethylamine and heavy water. Our calorimeter improves upon Thoen's 15 earlier experiment on this system by including stirring of the sample, operating in a scanning mode, and using computer data acquisition and
control. An important advantage over ac calorimetry Is is our ability to measure the background heat capacity, which is important in theoretical constructions. A very slow temperature scan through the critical point is essential to allow the TABLE I. Amplitude of the specific heat anomaly in the one (A+) and two (A-) phase region for triethylamine-water (TEA-H20) as found by different techniques. The refractive index n and density p anomalies allow A + to be calculated using thermodynamic relations. The amplitudes determined by analyzing prior heat capacity data (Ref. 15) depend on the choice of critical temperature and parameterization. A similar system, triethylamine-heavy water (TEA-D20), is provided for comparison. All errors are one standard deviation estimates as given by the authors.
A +(J/cm 3 K)
A-(J/cm _K) System/approach: TEA-H20 
where K, is the thermal conductivity between the cell at temperature Tcell and stage i at temperature Ti, V is the average, measured voltage across the cell heater of constant resistance R, V 0 is the fluid volume, and the empty cell heat capacity has been subtracted. The only significant heat loss was between the cell and reference stage for which we can correct using our calibration data on water. The number of points used to determine the cell temperature's rate of change needs to be large enough to minimize the effect of the temperature resolution yet not so large as to average over a region where the heat capacity changes significantly. We have chosen to use 200, 100, 50, and 20 points to determine the slope dTcell/dt using the larger number of points furthest from the critical point. The heat capacities so determined from the two runs are listed in Table II The enthalpy is then related to the heat capacity by a simple integral over temperature T:
The calculated enthalpy divided by the critical temperature T,. is illustrated in Fig. 3 for run 2. Using the enthalpy has the advantage of analyzing the entire data set, but the disadvantages of accumulated error (resulting in systematic offsets) and a (I-a) cusp instead of a divergence at the critical point. We will analyze our data using both techniques in the next section.
ANALYSIS AND INTERPRETATION
A weighted, nonlinear, least squares routine was used to fit the equations to the data by finding the best set of parameters that minimize 28 the reduced chi square xe/N. Using our own functions in the commercial program Igor Pro, 29 we could allow some parameters to be free and force others to take on certain values as will be described below. This program allows each data point to be weighted according to the error in the dependent variable and determines errors on the parameters that are related to the diagonal elements of the . (7) . The parameters and notations are defined in is why we label these as our best fits over the entire range.
The heat capacity fits given in Table III and the enthalpy   fits in Table IV Table V ) and slightly larger than theoreti- Table V ).
It is not certain whether another amplitude ratio RB_,
given by Eq.
(2) is universal; 7s'i2"i3 however, theoretical predictions have been made 6'ii which have not previously been tested in a binary fluid mixture. Even though we could not determine D with much precision, it enters into this arnplitude ratio raised to a small power and thus is not so crucial.
We findRt_¢ = -0.5_+ 0. landR_ = -I.I _+0. I,whichare cr _r both smaller than predicted (see Table V ). Using the lit pa- 
